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Colossal negative magnetoresistance ∆ρ(T,B) = ρ(T,B)−
ρ(T, 0) observed in La0.6Y0.1Ca0.3MnO3 at B = 1T shows
a nearly perfect symmetry around T0 = 160K suggesting
a universal field-induced transport mechanism in this mate-
rial. Attributing this symmetry to strong magnetic fluctua-
tions (triggered by the Y substitution and further enhanced
by magnetic field, both above and below the field-dependent
Curie temperature TC(B) ≡ T0), the data are interpreted
in terms of the nonthermal spin hopping and magnetization
M dependent charge carrier localization scenario leading to
∆ρ = −ρs
(
1− e−γM
2
)
with M(T,B) = CB/|T −TC |
ν . The
separate fits through all the data points above and below TC
yield C+ ≃ C− and ν+ ≃ ν− ≃ 1. The obtained results
corroborate the importance of fluctuation effects in this ma-
terial recently found to dominate its magneto-thermopower
behavior far beyond TC .
PACS numbers: 72.15.Gd, 71.30.+h, 75.70.Pa
Since recently, interest in the mixed-valence manganite
perovskites R1−xCaxMnO3 (where R = La, Y,Nd, Pr)
has been renewed due to the large negative magne-
toresistive (MR) effects observed near the ferromagnetic
(FM) ordering of Mn spins.1–11 In the doping range
0.2 < x < 0.5, these compounds are known to undergo
a double phase transition from paramagnetic-insulating
to ferromagnetic-metallic state near the Curie tempera-
ture TC . Above x = 0.5, the specific heat and suscepti-
bility measurements reveal6,7 an extra antiferromagnetic
(AFM) canted-like transition at TAFM lying below TC .
At the same time, substitution on the La site was found
to modify the phase diagram through cation size effects
leading toward either charge-ordered (CO) or AFM in-
stability.6 In particular, Y substitution is responsible for
two major modifications of the parent manganite: (i)
it lowers the FM Curie temperature TC , and (ii) weak-
ens the system’s robustness against strong AFM fluctu-
ations (which are developed locally within the ordered
FM matrix) by shifting TC closer to TAFM . The latter
is considered8,9 as the most probable reason for strong
magnetic localization of spin polarized carriers (forming
the so-called spin polarons) which in turn results in hop-
ping dominated charge carrier transport mechanism be-
low TC . While above TC , the resistivity presumably fol-
lows a thermally activated Mott-like variable-range hop-
ping law ρ ∝ exp(T0/T )
z with 1/4 ≤ z ≤ 1. On the
other hand, there are some indications10 that the ob-
servable MR ∆ρ(T,B) scales with magnetization M in
the ferromagnetic state and follows M2 dependence in
the paramagnetic region implying thus some kind of uni-
versality in the magnetotransport behavior of (low con-
ductive) manganites below and above TC .
In this paper we present some typical results for mag-
netoresistivity (MR) measurements on a manganite sam-
ple La0.6Y0.1Ca0.3MnO3 at B = 1T field for a wide tem-
perature interval (ranging from 20K to 300K) and com-
pare them with the available theoretical explanations.
As we shall see, the data are best described in terms
of the nonthermal (rather than Mott-like thermally as-
sisted) spin hopping scenario with magnetization- depen-
dent charge carrier localization length L(M) both above
and below TC . The interpretation is essentially based
on the assumption of rather strong magnetic fluctua-
tions in this material far beyond the Curie point TC (see
also the previously reported12 discussion of the magneto-
thermopower).
The polycrystalline La0.6Y0.1Ca0.3MnO3 samples used
in our measurements were prepared from stoichiometric
amounts of La2O3, Y2O3, CaCO3, and MnO2 powders.
The mixture was heated in air at 800C for 12 hours
to achieve the decarbonation and then pressed at room
temperature to obtain parallelipedic pellets. An anneal-
ing and sintering from 1350C to 800C was made slowly
(during 2 days) to preserve the right phase stoichiom-
etry. A small bar (10mm × 4mm2) was cut from one
pellet. The electrical resistivity ρ(T,B) was measured us-
ing the conventional four-probe method. To avoid Joule
and Peltier effects, a dc current I = 1mA was injected
(as a one second pulse) successively on both sides of the
sample. The voltage drop V across the sample was mea-
sured with high accuracy by a KT 256 nanovoltmeter.
The magnetic field B of 1T was applied normally to the
current. Fig.1 presents the temperature dependence of
the resistivity ρ(T,B) for a La0.6Y0.1Ca0.3MnO3 sam-
ple at zero and B = 1T field. The corresponding MR
∆ρ(T,B) = ρ(T,B)−ρ(T, 0) is shown in Fig.2 as a func-
tion of reduced temperature (T−T0)/T0 with T0 = 160K
1
being the temperature where the negative MR exhibits a
minimum. Notice the nearly perfect symmetry of the MR
with respect to left (T < T0) and right (T > T0) wings
thus suggesting a ”universal” magnetotransport mecha-
nism above and below T0.
FIG. 1. Temperature behavior of the observed resistivity
ρ(T,B) in La0.6Y0.1Ca0.3MnO3 at zero and B = 1T field.
Before discussing a probable scenario for the observed
MR temperature behavior, let us briefly review the
current theoretical models. Several8–11 unification ap-
proaches have been suggested. In essence, all of them are
based on a magnetic localization concept which relates
the observable MR at any temperature and/or applied
magnetic field to the local magnetization. In particular,
one of the most advanced models of this kind9 ascribes
the metal-insulator (M-I) like transition to a modifica-
tion of the spin-dependent potential JH~s · ~S associated
with the onset of magnetic order at TC (here JH ≃ 1eV is
the on-site Hund’s-rule exchange coupling of an eg elec-
tron with s = 1/2 to the localized Mn t2g ion core with
S = 3/2). Specifically, the hopping based conductivity
reads
σ = σm exp
(
−
2R
L
−
Wij
kBT
)
, (1)
where
σm = e
2R2νphN(Em). (2)
Here R is the hopping distance (typically,10 of the or-
der of 1.5 unit cells), L the charge carrier localization
length (typically,10 L ≃ 2R), νph the phonon frequency,
N(Em) the density of available states at the magnetic
energy Em ≃ JH , and Wij the effective barrier be-
tween the hopping sites i and j. There are two pos-
sibilities to introduce an explicit magnetization depen-
dence into the above model: either by modifying the
hopping barrier Wij → Wij −α ~Mi · ~Mj or by assuming a
magnetization-dependent localization length L(M). The
first scenario (suggested by Viret et al.9) results in a ther-
mally activated behavior of MR over the whole temper-
ature range. Indeed, since a sphere of radius R contains
(4/3)πR3/v sites where v = 5.7 × 10−29m3 is the lat-
tice volume per manganise ion, the smallest value of Wij
is therefore [(4/3)πR3N(Em)]
−1. Minimizing the hop-
ping rate, one finds that the resistivity should vary as
ln(ρ/ρ0) = [T0{1− (M/Ms)
2}/T ]1/4.
FIG. 2. The dependence of the observed magnetoresistivity
(MR) ∆ρ(T,B) = ρ(T,B)−ρ(T, 0) in La0.6Y0.1Ca0.3MnO3 at
B = 1T as a function of (T − T0)/T0 with T0 = 160K being
the temperature where the MR reaches its minimum. The
solid line through all the data points is the best fit according
to Eq.(3).
This scenario was used by Wagner et al.10 to interpret
their GMR data on low-conductive Nd0.52Sr0.48MnO3
films. Assuming the molecular-field result for the mag-
2
netization, they found that their GMR data scale with
the Brillouin function B in the ferromagnetic state and
follow a B2 dependence in the paramagnetic state. Un-
fortunately, all attempts to fit our MR data with the
above thermally activated hopping formula have failed.
In our case the observed MR seems to follow a steeper
temperature behavior exhibiting a remarkable symmetry
around T0. Instead, we were able to successfully fit our
data for the whole temperature interval with
∆ρ(T,B) = −A[1− e−β(T )], (3)
where
β(T ) = β0
[
T0
T − T0
]2ν
, (4)
and A, β0 and ν are temperature-independent param-
eters. The separate fits for our MR data above and
below T0 = 160K produce A = 0.873 ± 0.001Ωcm,
β+0 = 0.015±0.001, β
−
0 = 0.016±0.001, ν
+ = 0.98±0.01,
and ν− = 1.01 ± 0.01, in agreement with the observed
symmetry. This suggests us to interpret our findings
in terms of a nonthermal localization scenario,11 which
emphasizes the role of a nonmagnetic disorder and as-
sumes a magnetization dependence of the localization
length L(M) (rather than hopping barrier Wij) which
diverges at the M-I phase transition. Within this sce-
nario, the Curie point TC is defined through the Curie-
Weiss susceptibility χ = C/(TC − T ) as χ
−1(TC , B) = 0,
while the M-I transition temperature TMI is such that
M(TMI , B) = M0 (with M0 being a fraction of the sat-
urated magnetization Ms). In terms of the spontaneous
magnetization M , it means that for M < M0 the sys-
tem is in a highly resistive (insulator-like) phase, while
for M > M0 the system is in a low resistive (metallic-
like) state. Besides, it is worthwhile to mention that we
used this model in successfully describing the magneto-
thermopower (TEP) data on the same sample.12 Adopt-
ing this scenario (with Wij/kBT ≪ 2R/L, see Eq.(1)),
we can write ρ(T,B) = ρ0(T ) + ρm exp[2R/L(M)] for
the field-induced resistivity in our sample. Here, ρ0(T ) is
a field-independent background resistivity, ρm = 1/σm,
and the localization length L(M) depends on the field
and temperature through the corresponding dependen-
cies of the magnetization M(T,B). Assuming after
Sheng et al.11 that L(M) = L0/(1 − M
2/M20 ), we ar-
rive at the following simple expression for the MR
∆ρ(T,B) = −ρs
[
1− e−γM
2(T,B)
]
, (5)
where γ = 2R/L0M
2
0 and ρs = ρ(T, 0) − ρ0(T ) is the
temperature-independent residual resistivity. In fact, as
we shall see ρs = ∆ρ(T0, B). To account for the observed
symmetry of the MR around T0, we identify T0 with the
Curie temperature TC(B) at the finite magnetic field B,
and assume that the field and temperature dependence
of the magnetization is governed by the same Curie-
Weiss like law M(T,B) = χ(T,B)B with χ(T,B) =
C/|T −TC |
ν both above and below TC . Given the above
definitions, we obtain |TC −TMI |
ν = CB/M0 for the dif-
ference between the two critical temperatures which im-
plies that within the Curie-Weiss scenario, TMI = TC(0).
Finally, by comparing Eq.(5) with the above-used fitting
formula (see Eq.(3)), we arrive at the following relations
between the fitting and model parameters, viz., A = ρs,
β0 = (2R/L0)[1 − TC(0)/TC(B)]
2ν , and T0 = TC(B).
Taking into account the zero-field Curie temperature for
this material5 TC(0) = 144K and the found values of
β0 ≃ 0.015 and ν ≃ 1 we obtain 2R/L0 ≃ 1 for the
hopping distance to localization length ratio. Further-
more, knowing this ratio and using the found value of
the residual resistivity ρs ≃ 0.873Ωcm gives an estimate
for the hopping distance R provided the density of states
N(Em) and the phonon frequency νph are known. Using
9
N(Em) ≃ 9 × 10
26m−3eV −1 and νph ≃ 2× 10
13s−1 (es-
timated from Raman shift for optical Mn−O modes10)
for these two parameters, we arrive at a reasonable value
of R ≃ 5.5A˚ which in turn results in L0 ≃ 11A˚ for a zero-
temperature zero-field carrier charge localization length,
in good agreement with the other reported3,5,7–11 esti-
mates of this parameter (as well as the one deduced from
our own magneto-TEP measurements12).
In conclusion, we would like to comment on the plau-
sibility of our interpretation which is essentially based on
the Curie-Weiss behavior of magnetization. Clearly, the
possibility to use the Curie-Weiss law (which is usually
limited to the critical region around TC) throughout the
whole region (ranging from the paramagnetic to the ferro-
magnetic state) suggests the presence of strong Gaussian
(rather than critical) fluctuations both above and below
TC .
13 To account for a possible source of these fluctua-
tions, we turn to the magnetic structure of our sample.
As we mentioned in the introductory part, along with
lowering the Curie point, Y substitution brings about
another important effect. Namely, it drives the magnetic
structure closer to a canted AFM phase (which occurs7
at TAFM < TC) thus triggering the development of local
AFM fluctuations (further enhanced by magnetic field)
within the parent FM matrix. In turn, these fluctuations
cause a trapping of spin polarized carriers in a locally FM
environment leading to hopping dominated transport of
charge carriers between thus formed spin polarons, for
the whole temperature interval. And finally, it is worth
noting that rather strong magnetic fluctuation effects
have been found to be responsible for the recently ob-
served12 temperature behavior of the magneto-TEP for
the same sample as well, amounting to 67% and 33%
above and below TC , respectively.
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